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single mode or quasi-single mode operation in the wide temperature range from 1.6 to 300K. The second type of tunable diode laser based on multiple component 1nP~sSb/InAsSb lattice matched or mismatched to InAs substrate covers 2.8-3.9 pm spectral range, which was not available for diode laser specroscopy until nowadays. Such tunable 2.8-3.9 pm lasers have CW single mode operation up to lOOK and pulse operation up to 180K. These lasers can be the key devices for diode laser spectroscopy and sensitive detection of pollutants.
The diode laser spectroscopy (DLS) is one of the most accurate methods of spectral analysis, which can be applied both for fundamental investigation and for practical using, for example, in environmental monitoring. Near infrared spectral range GaAlAs/GaAs and InGaAsP/InP laser diodes is available for DLS up to wavelength of about 1.7 wn [ll.
The semiconductor diode lasers based on A~B~ multiple component GaInAsSb and InAsSb solid solutions cover spectral range of molecular overtonal and vibrational bands of important pollutant gases and are the key devices for mid-infrared (1.8-3.6 pm) tunable diode laser spectroscopy. Recently, the first experimental demonstration of application of these devices to the ultra-sgnsitkve detection of pollutants such as carbon dioxide C02 (00 0-20 band, A=1.97 pm) [21 and methane CHI (R-branch of -v3 band, A=3.24 /an) [3] have been made. The high speed p-i-n photodetectors [4] were created for this spectral range.
In this communication we report about the InGaAsSb laser for the 1.8-2.4 pm and the InAsSbP laser for the 2.8-3.6 pm spectral range, which was not available for DLS until recently.
1.8-2.4 Irm LASERS
Structures of these types we used for fabricating of the 1.8-2.4 lasers (Fig.1) . The first one was a conventional DH structure, where 0.2-2 pm thick narrow-gap GaInAsSb active layer was enclosed between the wide-gap GaAlAsSb layers and GaSb top was grown to provide good Ohmic contact (Fig.la) . One or two GaSb
Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jp4:19944177 The structures of three types were used to fabricate broad contact lasers (Fig.2a) , mesa-stripe (Fig.2b) and substratechannel buried lasers (Fig.3~) . The resonator length was in 200-300 pm range.
The broad contact lasers are multi-mode (Fig.3a) , threshold currents are high (1-3 A) , but output optical power is about 0.2-1.0 W. For the mesa-striple (Fig.2b) and buried ( Fig.2~ ) lasers there are usually 1-3 modes in the emission spectra and these lasers are more favorable for the laser diode spectroscopy. Threshold current is in the range 200-600 mA and output optical power is essentially lower and reaches 0.2-1 mW. These values of threshold currents are presented for room temperature. Electroluminescence characteristics of the lasers depended on the internal structure of the devices. The introduction of the stagged-line up heterojunction into the waveguide region resulted in lowering the threshold current Ith and made the dependence of Ith on the active region thickness weaker (Fig.4) . The threshold current was two times lower in these devices comparing with the DH lasers of the same active layer thickness. A unique property of these lasers is the record low threshold current at T580K. These effects are due to the change in prevailing mechanism of radiative recombination from the bulk to the recombination via quantum states of the stagged-line up heterojunction. The important question for many spectroscopy applications is a possibility of CW operating of diode laser at room temperature. We have realized CW operation at room temperature using the structure shown in Fig.1 and the design shown in Fig.2~ [61.
The diode laser quality as a coherent light source is quite essential for application in DLS installlations. We have measured a linewidth of the GaInAsSb laser operating at 1.8-2.2 pm region [2] . The technique is based on using C02 absorption line as a frequency discriminator. The linewidth of the lasers varied from 3 to 60 MHz (see Table 1 ) . This study is the first linewidth measurements of GaInAsSb diode lasers. The study shows that the 1.8-2.4 pm lasers are suitable for high resolution molecular spectroscopy.
2.8-3.6 pm Lasers
Av, MHz The laser diodes of deep mesa geometry (Fig.2b) were fabricated with a 30 Nm mesa width. Cavity length of the lasers L varied from 50 to 900 pm. The threshold current was measured in 77-180K temperature range. At 77K the measurements were made with DC and at higher temperatures with 100 ns current pulses at repetition rate of 5 kHz.
The threshold current of the lasers Ith showed typical values 50-300 mA at 77K. Peak emission wavelength varied from 2.8 to 3.6 pm at this temperature in accordance with the composition of the active layer.
The coherent emission spectra of the lasers for a current near the threshold at 77K and 82K are shown in Fig.3b Current, mA ( Fig.3b) demonstrates the two modes of lasing. It can be seen that the intensity of the radiation transmitted through an external Fabry-Perot resonator varies sinusoidally with time and that the mode is stable during the more than 300 ws of the pulse duration with the wavelength A varing because of heating during the pulse.
The output optical power of. the lasers at 82K heatsink temperature was measured by using of the RK-5710 radiometer. Typical dependence of the measured output power (calculated for two facets) is represented in Fig.4 . The measurements were carried out without collimating optics in pulsed regime (pulse width: 155 ms, repetition rate: 129 Hz). Taking into account possible radiation losses one can obtain internal quantum efficiency 12-15% for this laser. For CW regime the quantum efficiency was 1.5-2 times lower because of overheating of the devices.
The important parameter for DLS is the shift of a longitudinal mode position with current and temperature. In Fig.5 the moves of the main lasing mode with current is shown for pulsed (pulse width: 200 ms, repetition rate: 129 Hz) and CW regimes. For CW operation, above the threshold the mode position moves continiously to the long wavelength side, in pulsed regime the mode shifts to shorter wavelengths even above the threshold and only at higher currents it moves to the correct long wavelengths side. For the same laser in the short pulses regime (300 ns pulse width) at 220 mA current the modes shifts to the long wavelength side with a rate 0.6 A/K in the heatsink temperature range 82-95K.
First experiments showed that the lasers can be succesfully used for DLS and we expect that their parameters will be improved by optimization of the structure and geometry of the devices.
